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ER:BKT:05261 S

Preliminary Remediation Goals -

This memorandum is a follow-up to DOE/RFFO memorandum ER:SRG:03780. dated
Aprl 1, 1994, and is in response to EG&G memoranda SGS-164-194 and SGS-245-94
dated March 8 and April 15, 1994, respectively. In addition, meetings and a
teleconference were held between our staffs on April 22 and 26, 1994, respectively.

The importance of Preliminary Remediation Goals (PRG) development to the Rocky Flats
Plant (RFP) Environmental Restoration (ER) program needs to be recognized. Although
the development of PRGs was precipitated by the Feasibility Study/Corrective Measures
Study (FS/CMS) at Operabler Unit (OU) 1, PRGs are critical path items for: (1) the
chemical of concern (COC) selection process which uses risk-based concentrations
(RBCs); (2) the CDH conservative screen which uses RBCs; (3) the FS/CMS's for all
RFP OUs (especially OU 2); and (4) the ER Accelerated Cleanup program. The
development of PRGs needs to be thorough and consistent in order to support these
activiues.

The development of PRGs contained in SGS-164-194 was deficient relative to overall
REP ER program requirements. The issues of greatest concern are: (1) the inconsistency
of exposure scenarios and exposure pathways selected for PRGs relative to Baseline Risk
Assessment, Exposure Scenario, Technical Memoranda for OUs 1 through 7 formally
transmitted to the U. S. Environmental Protection Agency, Region VIO, (EPA) and the
Colorado Department of Health (CDH); and (2) the use of overly conservative site-specific
expasure factors.

The inconsistency of PRGs relative to OU technical memoranda was discussed in detail on
April 22 and 26, 1994. These inconsistencies have been captured in the attachment
(prepared by EG&G) which identifies requirements for additional environmental media,
exposure scenarios and exposure pathways needed for PRG development. Failure to
incorporate these scenarios and pathways in the PRG development process resulied from
an inappropriate interpretation of EPA's "Risk Assessment Guidance for Superfund:
Volume 1 - Human Health Evaluation Manual (Part B, Development of Risk-based
Preliminary Remediation Goals)," dated December, 1991. Exhibit 2-1 in this document
identifies default exposure scenarios and pathways. However, these default scenarios and
pathways are inconsistent with those included in our Baseline Risk Assessments and
Technical Memoranda.
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Please note the following changes made to the attachment: (1) deletion of dermal exposure
for soil and water; and, (2) addition of inhalation of volatiles (construction worker
scenario). The deletion of dermal exposure 1s consistent with EG&G's initial
recommendations to DOE/RFFO. Inspection of EPA’s PRG guidance document
referenced above along with EPAs "Dermal Exposure Assessment: Principles and
Applications,” dated January, 1992, indicate that a graded approach is appropnate for
dermal exposure. Section 9 of the latter documcnt contains the recommended process for
evaluating dermal exposure in the Baseline Risk Assessment, while the former document
indicates when dermal contact is to be considered for PRG development. We request that
the decision to generate PRGs for dermal exposure be made by EG&G on a case-by-case
basis for each OU based on the results of the Baseline Risk Assessment. With regard to
inhalation of volatiles, pages 26, 27 and 29 of the PRG guidance indicate that soil to air
volatilization (not groundwater to air) needs to be included in the construction worker
scenario. We request that this pathway be included in the programmatic PRG
development for the construction worker scenario.

We request that EG&G revise the PRGs such that: (1) consistency is achieved with this
memorandum; (2) consistency is achieved with Baseline Risk Assessments and technical
memoranda, and (3) the needs of all ER activities are satisfied. Since the OU 2 FS/CMS
has the greatest short-term need for PRG development, we request that EG&G's PRG
revision be prioritized such that PRGs associated with COCs for OU 2 are developed first.
These should be provided to DOE/RFFO in a separate deliverable by May 30, 1994. The
remaining PRGs should be submitted to DOE/RFFO by June 20, 1994.

The development of PRGs should include site-specific exposure factors discussed in
DOE/RFFO memorandum ER:BKT:05262. Not only should risk assessments at the RFP
be as realistic as possible, but PRGs should also be as realistic as possible. This will help
to ensure that risk managers at DOE, EPA and CDH have the best information possible for
making decisions.

Any questions or concerns should be addressed to Bruce Thatcher of my staff at

extention 3532.
%‘ioberson

Acting Assistant Manager for
Environmental Restoration

Attachment
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cc w/Attachment:

F. Lockhart, ER, RFFO
S. Grace, ER, RFFO

R. Birk, ER, RFFO

J. Pepe, ER, RFFO

S. Slayton, ER, RFFO
B. Thatcher, ER, RFFO
M. Guillaume, ER, RFFO
T. Reeves, ER, RFFO

E. Dille, ER, RFFO

J. Burd, ER, RFFO

T. Greengard, ER, RFFO
S. Olinger, ESH, RFFO
A. Howard, ESH, RFFO
J. Hopkins, EG&G

R. Roberts, EG&G

A. Primrose, EG&G

T. O'Rourke, EG&G



PROGRAMMATIC PRELIMINARY REMEDIATION GOAL BASIS

TABLE 1

ENVIRONMENTAL MEDIA\
EXPOSURE SCENARIO

RESIDENTIAL

COMMERCIAL\
INDUSTRIAL

ECO-RESEARCHER

SURFACE SOIL,
SHORELINE SEDIMENTS &
STREAM SEDIMENTS

DIRECT INGESTION OF SOILS (a)
INHALATION OF PARTICULATES (a)

DERMAL \;D?-;ﬂ)\)‘ﬁl—%\_dc SOILS. Avrvll

EXTERNAL RADIATION EXPOSURE {c)

OFFICE WORKER SCENARIO

DIRECT INGESTION OF SOILS (a)
INHALATION OF PARTICULATES {(a}
—BERMAL-GCONTAGCT-WITHH-EOH-S—{bi—
EXTERNAL RADIATION EXPOSURE (c)

DIRECT INGESTION OF SOILS (a)
INHALATION OF PARTICULATES (a)
— DERMAL-GONTFACT-WHH G OHG{bi—
EXTERNAL RADIATION EXPOSURE (c)

SUBSURFACE SOIL

NOT APPLICABLE

CONSTRUCTION WORKER SCENARIO

DIRECT INGESTION OF SOILS (d}
INHALATION OF PARTICULATES (d)
—BERWVHAEGONFAGTFWHH-EOHE~+H—
EXTERNAL RADIATION EXPOSURE (c)

inhalation of volatiles

NOT APPLICABLE

GROUND WATER (GW)

DIRECT INGESTION OF GW (d)

INHALATION DURING DOMESTIC USE (e}
DERMAL ABSORLTICM-DURING-BATHINGH

-

NOT APPLICABLE

NOT APPLICABLE

SURFACE WATER

DIRECT INGESTION WHILE SWIMMING (d)

NOT APPLICABLE

DIRECT INGESTION WHILE WADING (d)

{a) - NON-VOLATILE ORGANICS AND INORGANICS WILL BE ASSESSED
{b) - NON-VOLATILE ORGANICS AND TRITIUM WILL BE ASSESSED

(c) - RADIONUCLIDES WILL BE ASSESSED

{d) - ORGANICS AND INORGANICS WILL BE ASSESSED

{e) - VOLATILE ORGANICS WiLL BE ASSESSED

{f) - ORGANICS AND TRITIUM WILL BE ASSESSED

PRGBAST.XLS 4/28/94 1:37 PM
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-BASED FRGs FOR RADICACTIVE CONTAMINANTS

Change in the Defauit Vaiue for T, Under the Commercizl/Industrial Soii Seenario. T2
fus for (e gamma orposurs time fiome, T, for workess, discssed i Sestion .12

ind used in Eguacon (13) under tie commertizi/indusizial scil 2xposurs sczara, 1cs oesa

: = it 0.3, T, is (2= rmic of 2 numper of howrs 23 mdividual i axpossd O in

axzzrmai gamma reciadon source during 3 24T day. For workers, g exposule Ome is assummzd

:0 be $ hours eaca day, resuiting in @ T, vaiue ¢ 0.3 (l.e., 825). For rasidenzial sopuiatess,

the exposure time is assurzed to be 2% hours per cay, with T, = 4724 = !, Nota thattle

defanit value for T, for the residential soli sezaric das not beez changed,

I e
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Revision of the Defauit Vaiues for SF, for R2-226/Rn-222 and Rx-224/Rn-220. (See Exabit
3 amacied.] The inhainting siope fzcxr vaiues listed for Re-222+D aod R3-220+D In the 50X
on page 40 have besa repiaced with e mest currest vaives @ien from HEAST 1992 Tabie

In zddidon. the discussians in the fcotmctes Aave fesx rewriien © provids besec clanry.

Revision of Equaticns (11) znd (11°). (Ses Exaibit | amached.] Equation (11) on gegs 37, o
which is usad to calcuiace the risk-based radioguciide soll comesamatioa, RS, ot resideadal
scils, has besa revised to acssgt the gew exterzal exposure siope facwers givea im Table 43 of
HEAST 1992, The "old" exiernai sicpe faciors wers caicuizted dssuming mat individual
gamma-smiming radiomuciides wers unfformiy diswituted over 2o infinits sarface zrea Al 20
depth, and were expressed in umiTs of cisk/year pex pCi/m® of scil. In the griginal Egquaticn
(11), assumpticts £ad to te made for t1e degth ¢f radionuclides in sad, D, ind the soil deasity,
SD. Singes the “new" exwernai exposurs siope f3ciors acceunt 1ot sod depa and density (end ars
expressed in corrset units of risk/year per pClig soil), the terms D and SD have besn dropped
from the revised Equation (J1). Revised Equation (11%) in Exaidic ! is the reduced = of
revised Equagoa (11).

Revision of Eguations (13) and (13") and Addition of Equadon (13’". (Ses Exaibic 2
attached. | Similar to the revisicn of Equaticn (11) discussed above, Equadon (13) on page 9,
has also beea ravised m iccsot the Dew external exposurs sicpe factors in Table +a of HEAST
1992. The teems D and SD have been drogped from the revised Equstioa (13). Ravisad
Egquarion (137) in Exhibit 2 - for use in caicuiadons involving voizois radionuciidzss - is £e
cednced form of revisad Equation (13). Reduced Equztion (137) bay beza acded for use in
caiculadons involving noa-veladle radjonuciides, and differs Jom Equacon (137) by drogping
e 30il~o-gas volaziization facror (VF) from the caicudations.



Exhibit 1. Revised Equatans fer Calcuiating Racionudide PRGS — Resideata] Sad

RADICNUCLIDE PRGs: RESTDENTIAL SO — CARCINOGENIC EFFECTS
Teal gsk = TS x (SF = !072mg 2 ZF x [Fuy = (SF, 22203237,
RS (pClg; = = —
rieig-Dazecd) P, 2 0°rmE R EF x Sy + SF, 3 D x (130> 70
whess! |
Sxramets— Dafnificn (e} Tednlt Vize 5
]S radienuciids FRG (n scil pClg) -
R gt exesa individual Qfime eanoor rak (Lniess) Kens
SF, orl (ing=tion) sicoe fster (Pl radicuuciidopesiic
SF, exiameal eXpasurs tiope jacter (F/yr por pClgl =dipguciidespeiie
EF exoarurs fregeeocy (daywyr) 330 &yur
= exposure duraiea (Y13 0y
15 s 1go-adjusted seul {ngmson aer (mg-yrday) 3600 mg-yrday (sex Equadan (127)
S, zzmma shiciding {scior (umtless) 02 (se0 Semtion 4.1 20
T imma sxposurs Sme Icar (unidess) 1 (sse Sextxa 4.1.2)
S A B —— S AR
RECUCED EQUATION FCR RADIONUCLIDE PRGa:
RESTDENTIAL SOIL — CARCINOGENIC IFFECT3
Risk-based PRG - 1 x 10%

(pCig: TR = 109 13 x L0 (SF) + Z4SF)

wheres
SF. = rdlcnusiide-specifa arzl (ingwston) sicve fctar (Bikipl))
SZE, = mdionucids-epecific exmrual cxpasure sicge fcx: (risigyr per pCVR}




Exhibit 2. Revised Eguations for Culculating Radioguci le PRGs — Comrnarcal/Incustiai Soil

RADIONUCLIDE PRGs: COMMERCIALINDUSTRIAL SOIL — CARCINOGENIC I nCTST

LY

- e ey TN e (€D o~ ATV i X e DN . - = -
Tomifix ™ RS % ED x (SF, x 10%zmgx IFx F  ~ (SF 3 (Pyxg x EF X EG 2 LT

RS zCyg; = = 7133

cakeazec) ST 1 (S, = oPymex EFxlIL) - (SF x (¥pigx EF xRy A VF - LFERD - SE RSS2 T
' IR

wher=

Jaabnleiotred Cefinition (uaim) ciagit Veive

RS radicaucide FRG in = (CYE) -

TR SZrzes szses3 individual lifetima canenyr risi (unitless) Nend

SF, acai (iagesdan) sicoe fictar (Fsik/oCl radeacide-spesilic

SF, exzemal exnosurs siope &ee (Sexyr v pCVED ragicageiiderpe=ific

EF exposurs Jeguaney (duywyr) 253 cayssyr

== cxpasuTs duraesae (Y1) 25 rr

Ry workeay inkaiston e of sir {m-/dsy) 22 mildsy

Ra dajly soid ingestica f22s (mg/day) S0 moday

WF sofi-ta-alr voizfifzansn e=r (ki) mdicagelid=atacfc (582 Secvica 4.2.5)

sE pardeuists emmanon fieme (mifky) 4,63 x 10° 7Kg (2ee Sacuzn 2200

3, summa chizidiog 2ee ivn ul-:u; O 2 (se= Secqcm 4.1.03

T JInuTe eXTOSUIT Tme zasr {umdass) 3 (ass Sxcon 4,123

SF¢ mz‘la:ma

NOTE: Mot mdicnusiies are nat voiatle under normal amoient conciticas. For taste rzGionucides, 23 sot-o—4ir
veintilizadon cxpasury puthway mey be oquecs Som ruk-Sisad culculscans (ss= Seetien &.25).

M

REDUCEY EQUATION FOR RADIONUCLIDE PRGs:
COMMERCIAL/INDUSTRIAL SOIL — CARCINOGENIC EFFECTS”

() Radnced equatioa {ur volatife radiogucider:

rdicnueiiSe-rpecifia aral (mgcmna,f sicne faatar (Asic/oCd)

SF, -
ST, = maioouciid=.speciiic amrimpasad) ISR ftemr (cuisCd)

SF, =  rudigelide spcside extemmi cxposure doge Ao (kYT repllg

43 = =gigouciide-rpesilc sal--air yolaglizatisn Hewe (mrkg) (2em Sc=dog ¢.2.5)

* NOTE: Ses Secfioa 4.2.3 when calguiating PRGs @z Ra-125/Ra-1222ed Ra.24/Rn-220.

3

Rik-pased FRG = v tx Lo 137
g TR = 109 3.0 x 10 (SFy - (1.3 x 1G4VF — 2.7 r Lo)sE ) - &(SF,)

(b) Reduced equation for 20a-vaiatile radionucides:

Rivk-baxed FRGC = MBS (13
eCUg: TR = 109 3.0 X L (SFQ + 27 W07 (5F) = éBFD

wheres: :]fL ﬂz[.‘b 1}’\

ww




Exuibit 3. Revised Soil Defmuit Values for SF; for
Ra-226/Rn-22 and Ra-224/Ra-224

Sail Defauit Values for VF and SF,
for R=-225/Rn-2227 apnd Ra-224/Ra-220

Icaxiaxea Sage

Dofwnit VF Facene, ST,
YVumst (FazpCl™

Radicm pCuxy Ra pex pCYw® Ra)

224 3 7982

Rs-224 200 S.0E-iL

X The dsfanit VF vaiue of 8 for R2-225 was cajlcubsecd 1 the
sa8a of the average nawumi backgrouad cencscTalien of Ra-228
in o1l (1.000 pClky} = the comssooncing avemgs gacerad
backzround cofcenmaden of Ra-iZl ia dir (120 pQUm).
Sirntiariy, the dafauis VF vaius of 200 B¢ Aa-224 was caisuirced
23 the rifn of Hie averzge Ra-03 background toncesgridon in
00 (1,000 7CUg) @ the svexgz Rn.220 backgeund
camceatradan @ air (5 pCYar). Naurai tacxground Jovels T
rditm sod rxden wese i Som NCRP 1976 and UNSTEAR
1982

< lnhsiagicn sloge ‘acmr vaiuss wre foe RFZZZ pius demy
producs (.o, RIZZ2+D) formed from the madicactive decay of
R2-275, 1od for ReZ20+D Som the decay of Ra-223. ST
valnes were (2kes Som Table 48 of EPA's Health Ef=cs
Asicssmert Sumacy Tiblea (HEAST 1992).

S S
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NOTE TO: Regional Toxic Integration Coordinators

L ol

TN
FROM: Janine Din
SUBJECT: Changes t< fguaticns in the Part 3 Guidance

Attached ars updates to the sgll-to-air volatilization and

radiaticn »quations prasentad in the 3;§5_AEggzngn“_ggiggngg_sz

{Decenmber

QERR askKed the Air/sSuperfund contractor (Environmental Quality
Management) to perform a limited validation study on the

volatilisaticn factor (VF) equation preaented in Part B. As a
result of that study, they felt it would be better to modify the

equation to take into account the effect of 20il moisture on the
riux of chemicals through the soil. The original Hwang and Falco.
model used in Part B did not take in account the effect of soil
moisture. The validation study shcwed, that for some of the more
volatile and soluble compounds (Banzene, Toluene, Ethylbernzanae
and Xylenes), the Part B equation over-predicted emi=msions by a
factocr of 5 to 10. In addition, EQM suggested that we modify the
soil saturation concentration (C,,) eguation tc reflect the
fraction ol a chemical found Iln the vapor phase as wall the
fractions bound tO the organic content of soll and dissoclved in

ths soil moisturs.

Since pPart B was developed, the 0ffice of Radiation Programs has

changed the wey il calculates slope factors for external
exposurss. As a result the units are different than the ones

originally presantad in Part B. To avoid confusion, ws felt it
was best to develop modified eguations.

Although a more formal memo will be distributed to the Regicons
(and cther usars of Part B) with this information, I felt that
you should have these changes 1in hand as soon as possible.

CFTIONAL FORM 58 (7-40) .
FAX TRANSMITTAL  [aas

w AN T
A“?(iMJnf A@gﬂ?qq OIQ? f

Fan e




——

8ail=to=Alr volatilizatiocan PFactor (7F)

The volatilization factor (VF) is ussd Zor defining ths
relationship betwesn the concentration of contaminant in soil and
the volatilized contaminant in air, This relationship was
8stablished as part of the Hwang and Falce (1968) modsl developed
by EPA’s ExposSure Assessment Group in the Offica of Research and
Development. Hwang and Falco present a method intended primarily
to estimate the parmissible residual levels associated with tha
cleanup of contaminated soils,

The Hwang and Falce model was used as the hasis for the VF
sguation presented in tha Part B guidancs. Sinca ths tinms of
Part B, OERR sponsored a study to validate the VF aguation by
comparing the modelled results with data from actual bench ana
Pllot scale studies., The results of the validation study (EQM,

- 1992) suggested the.need to modify the VF agquation in Part B to

take into account the decrease in the rata of flux dua to the
effect of soil molature on effective diffusivity (Dg). Thus, the
D, equaticn for dry soil (D x'E™’) was replaced with zn equation
from Millington and Quirk (1961) where D, = D, (Fali¥/pely.

LS x V. x b (3.24 x a x THi/2
VE A keg) A “ = Dy ¢ 8, x K, x 107} kg/mg)
whers:
x = -’Ju X Pc
P, + (p,) (1 -2)/K,

arnmeter Refinition (units) Rafault
VF Volatilization factor (ml/kg) -
Ls Leangth of side of contaminated 45

area (m)
v Windspeed in mixing zcne (m/s) 2.28
DH Diffusion height (m) 2
A Area of contamination (cal) ‘ 20,250,000
Dy Effective diffusivity (ow/s) o (Pa’S/pel)
P, Air £illmd soil porcsity . =88

(unitless)

B, Total soil porosity (unitless) - 1=-(8/p.)



e Soil moisture contant 19% or 0.1
{c~watar/g-coil)
et 80il bulx dsnsity (g/cm’) 1.5
2, True soil dansity or 2.65
particle density (g/cw')
K, Soil-air partition coafficiaent (H/K,) x 41
(g-solil/cw’~air) {41 is a
convarsion
“factor)
T Exposure intarval (s) 7.5 x 10! a
D; Ditzusivity in alr (cmi/s) Chemical-
specific
H Henry'‘s Law constant (atm~p’/mol} Chemical-.
specific
Xy Soillwwatar partition coefficient X, x ©¢
{cm’/kg)
Koo Organic carbon Fartition Chepical-~
coefficiant (cm’/kg) specitic
oC Crganic carbon content of soil 23 or 0.02

(traction)

§oil 8aturation concentration (C,)

The basic principle of the VF modal is applicable only If the
80il contaminant concentration is at or below saturation.
Saturation i3 the scil contaminant concantration at which the
adsorptive linits of the 80il particles and the solubility limits
of the avalilable §oil moisturs have besn rsached. Abave
saturation, pure liquid-phase contaminant is axpected in the
80il. Under such conditions, the partial pressura of the pure
contaninant and the partial pressure of the air in the
intarstitial pore spaces cannot be calculated without first
xnowing the mole fraction of the contaminant in the soil.
Therefore, above saturation the PRG cannot be accurately
calculated based on velatilization. Because of this limitation,
the chemical concentration in asoil (PRG) calculated using VF rnust
bpe comparsd with the s0il saturation caoncentration (C,.). If the
FRG calculated using VF i{a greater than ¢, the PRG should be

set equal ta Q.
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REVISIONS TO CHAPTER 4
RISK-BASED PRG:s FOR RADIOACTIVE CONTAMINANTS

Y

. @

)

@

Change (n the Default Valug for T, Under the Comrmercial/Ingustrial Soil Scenario. The
default value for the gamma exposurs tme fuctor, T,, for workers, discussed in Section 4.1.2
and used in Equation {13) under the commercial/indusmial 50il exposure scenar;o, has been
changad from 1 to 0.3, T, s the rutiv of the number of hours an individual is ¢xposzd tc an
extesnal gamma radiation scurce during a 24-hr day. For workers, the exposure time is assumead
to be 8 hours each day, resuiting in a T, vaiue of 0.3 (i.e., 8/24). For rasidsntial populatioss,
the exposure tme is assumed to be 24 hours per day, with T, = 24/24 = |, Note that the
default value for T, for the residential soil scenario has not been changad.

Revision of the Defaull Yalues for §F, for Ra-226/Rn-222 and Ra-2243/Rn.220, [Sea Exhibit
3 attached.) The inhalation stope factor values lsted for Rn-222+D and Rn-220+D in the box
on page 40 have been repleced with the most current values takea from HEAST 1992 Tabie 4a.
In addition, the discussions in the footnotes have been rewritlen to provide better clarty.

Revision of Equadtons {11) and (11’), [See Exhibit I anaced.} BEquation (11) on page 37,
which Iz used w0 caiculate the risk-based radionucilda soil concentration, RS, for residential
soils, has been revised to accept the new externdl exposure slops famors given in Table 4a of
HEAST 1992, The "old" external slope factors wers calculated assuming that individual
gamma-emitting radionuclides wece uniformly distributed over an inflnite surface area with no
depth, and were expressed {n units of risk/yzar per pCl/mt of soll. In the original Equation
(11), assumptions had o be made for the depth of radionuclides in soil, D, and the soil density,
SD. Since the “new"” external exposure slope factors account for soil dcpth and density (and are
expressed in corect umlu -of risk/fyear per pCl/g s0il), the terms D and SD have been dropped
from the revised Equauon (11). Reavised Equation (117} in Exbx'mt 1 is the reduced form of

revised Equation (11),

Revisioo of Equations (13) and (13°) aud Additlon of Eqaation (13°7), |See Exhibit 2
aitached.] Similar 1o thaLevision of Equation (11) dlscussed above, Equatlon (13) or page 39,
has also besa revised to accept the new external exposure ilope factors in Table 42 of HEAS‘I‘
1992, The terms D and SD have been dropped fiom the revised Equation (13). Revised
Byuatlon (137 in Exhibit 2 - for use in calcalations involving volatile radiomuciides - is the
reduced form of revised Bquadon (13). Reduced Equation (13°) bas been added for yse m
calculations imvolving non-volaule radivnuelides, and differs from Equagion (137) by dropping
the soil-to-gas volatilizaton factor (VF) from the calcutiarions.



Exhiblt 1. Revised Equatlions for Calculating Radionuglide PRG3 — Residential Soll

RADIONUCLIDE MRGi: RESIDENTIAL SOIL — CARCINDGENIC EXTLECTS
Total risk = RS % (ST, X 19”g/mg X EF & [F ) + (3B, x ED X (1-8) x '1})]
RS (pClg; = TR (11)
risk-based) (5P, % 107g/mg X EF x [Pug9 + (SE, x ED x (2-8,) X T\
where:
Pamineicrs Eefiiiion (ynits) ' Reyn Yilue
RS redionuolide PR in wil (PCVR) -
™ {arget cxcoss mdividual Llfhmo cancer ritk (unitless) | 10¢
SE, vrsl (ingestion) slope factor (Har/pda) | radioauctide-specific
8F, external exposuro slepe factor (risk/yr per pCifg) f rulionuclidespecifia
BF expasurc foquency (daysiyr) 150 daysiyr
BD expasure durxtian (yr) 30 yr
b agoadjuned soll ingestion fuslor (myyr/day) 3600 mg-yriday (seo Equasion (12))
8, gaxrua shickding facor (unitloss) 0.2 {soe Sextion 4.1.2)
A gAmMA CXPOSUIT Hme factor (uniideas) 1 (5o Sexticn 4,1.2)

m

REDUCED EQUATION FOR RADIONUCLIDE PKGi:
RESIDENTIAL SOIL — CARCINOGENIC EFFECTS

Risk-tasoed PRG = 1x104 %)
pC¥s; TR = 109 13 2 10° (SF) + 24(8F)

where:

87, = radionuclide-specific oral (ingowlon) #lops Delor (raX/pCH

§P, = nadionuclide-specifio extemal cxposvs 1opo Moior (HIkyr per pCUR)
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Exhibit 2, Revised Equations far Célculntlng Radionuclide PRG5 — Commerciai/Industrial Soil

RADIONUCLIDE PRGs: COMMERCIAI/VINDUSTRIAL SOIL —~ CARCINOGENIC EFFELTTS®

Toal risk = RS x BED x [(87, ¥ 107g/mg x EF x F) + (SR x 10pkg s EF X IR, X [/VE)
+ (8F; X 10%/xg = BF x IR, X U/PEF) + (5T, x (1-5,) x Tl

= R a3}

RS (pli/g; =
rsk-buzed)  ED x [SF, x 107z/me x EF x [F,,) + ((SF, x 10°g/&g x BF x IR,) X (VVE + LPER) = (SF, X (140 x T

whese:
mn Definition (unilg) Dofault Valuo
RS radiomualido PRO in sait (pCYp) —
™R tacget vrooas individual lifctime cancer riak (Unitfess) 10%¢
SF, oral (ingestion) siops Ree (Hk/pCi) rsdionuciide-specifio
9F, cxlormal sapusurs dlope (wowor (risk/yr per PCLY radionucilde-specific
EP cXpouty frequency (Uays/yn) 230 dayadyr
D exposure dusatien (yr) 25yt
Ry waorkduy inhaladon rse of iy (m'/day) 20 m/day
R daily soil ingostion rae (mg/day) 50 ug/day
VP soiHo-air yolxdlizadon facor (Mm¥xg) radlonuclidespociflo (sco Soction ¢.2.3)
PRF pardoulats cmission actor (m1kg) 4,83 % 16° mi/kg (s Sostion 3.3.2)
8, samna shieldlag faclor (uniloss) 0.4 (wce Section 4.1.2)
T. Zemma SXposurc dme fictor (urtless) 0.3 (dce Szction 4.1.2}

* NOTT: Mot rudonvciides sre not volatlc uader nommel ambieni conditiona. Mor there radlonuclides, die soil-o-ajr
vulalilizsiicn exposcre patiway may bo smirnd froat risk-based caloulations (see Section 4.2.3).

0 s
REDUCED EQUATION FOR RADIONUCLIDE FRGs:
COMMERCIAL/INDUSTRIAL SOIL — CARCINOGENIC EXFECTS?

(a) Reduced equailon for volatile radicancildes:

Risk-based PRG o 1 x 10 19
EClUg: TR = 109 3.1 x WP GFY + (1.3 2 165VE + 2.7 X 10%SF) + &(3F)

(&) Reduced aquation for son-volatile radionachden
Risk-baged PRC = ' 1 x 104 (137
(PCYp: TR = 109 3.1 x 10* (5F) + L7 x 104 3R) + &6F))

whese:

SR, = ndicauclide-specifie oral (ngestion) tiope factor (Tiak/pCd)

5P, = radionuclide-spesiflc orxl (lageston) slope Acwo¢ (ritk/pCi)

SF, = madionuctido-srpooifis cxtoroal expesare 1iape flotne (Mak/yr ner pCYY)

VF = radiopuclido-rpecilic soi-\o-air volatifmzion Gctor ('fkg) (see Section 4.2.7)

* NOTE: Se¢ Scaiiont 4.2.3 whisa catoulasiog PRGE for Ra-226/Rn-222 and Ra-224/Rn-220,

3
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Exiibit 3. Revised Soil Defaull Yalues for SF, for
Ra-228/Rn-222 and Ra-224/Rn-220

Soll Default Yalues for VF and SF;
for R2-2268/Rn-222 and Ra-224/Rn-220

Inhaistion Slope

De@ult VF Factor, SR
Yahu? (rak/pClye=
Radium (pCukg Ra per pCi/m’ Rn)
Rx-226 8 7.78-12
Ra-223 - 200 5,021

* The default YF value of § for Ra-226 was calcufared as the
ratio of the sverage natura} background oipresatralicn of la-226
In soil {1,000 pCifkg) o the corresponding average aatlial
background coacentadan of Rne222 in air (320 pClard).
Similarly, the defauit YF value of 200 for Ra-224 was sasulated
as the maila of the wvecsps Ra-224 backgmound concentration in
soil (1,000 pCUR) @ U avecrage Ro-220 background
concenausian in alr (5 pCUm’). Natural background levels for
radium and ;adon werg tAken from NCRP 1976 mnd UNSCEAR

1982,

v* Inhalaticn alope fhctor valucs are far Ra-222 plus decay
prodiects (i.o., Ra-222+D} furmeod frum the radicaciive decsy of
Ra-226, and far Ra-2120+D from the decay of Ra-224, SF
valucs wero ken from Table 4a of EPA’s Health Effects
Assouamont Summary Tabize JIEAST 1992},

S




7

Py
8,

(BgxC,xP) » (C,xP) + (C, xH xP,)

(unitless)

Soil moisture content
(L-water/ky so0il)

Total soil porosity (unitlass)
True seil density or particle

density (kg/L)

Coar = B

Ragtinition (units) Default

Soll saturation concentration —

(mg/kg)

sall-water partition ¥, x ©C

coamfficient (L/kg)

organic carbon partitioen Chemical=-

coarricient (L/kg) specific

Organic carbon content of so0il 2% or 0.02

(fraction)

Upper limit of free moisture in S X O,

soil (mg/L=watsr)

5012 molsture content 10% or 0.1

(Xg-wataer/Rg-soil)

Salunility in water Cheamicale-

(ng/L-water) specific

S90il bulk density (kg/L) 1.8

Water £illed eolil poroasity B, - P,

(unitlese)

{

Henry*'s Law constant (unitless) H x 41, where
41 is &
conversion
factor

Menry's Law constant Chemical-

(atm~n’/m01) specific

Alr~filled soil porcsity P, - 88

10% or 0.1

1 - (B/0)
2.65

Pleasge note that the aquation preasnted here for C, ia also a
modification or the squation presented in the Part B gquidancs.
This equatiocn also takas inta account the amount of contaminant
that {8 in vapor phase in the pore spaces of the soil.



